(19) 




(12) 



EuropalschS^^Rentamt 

European Patent Office 
Office europeen des brevets ^^^^ Q 896 449 A2 

EUROPEAN PATENT APPLICATION 

(51) lntCI.6: H04L1/12 



LA 



(43) Date of publication: 

10.02.1999 Bulletin 1999/06 

(21) Application number: 98305831.4 

(22) Date of filing: 22.07.1998 



(84) Designated Contracting States: 


(72) Inventors: 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


• Clow, Robert J. 


MC NL PT SE 


N. Aurora, Illinois (US) 


Designated Extension States: 


• Tice, Lee D. 


AL LT LV IWIK RO SI 


Bartlett, Illinois 60103 (US) 


(30) Priority: 07.08.1997 US 916465 


(74) Representative: Vigars, Christopher Ian et al 


Haseitine Lalce & Co., 


(71) Applicant: PITTWAY CORPORATION 


Imperial IHouse, 


Chicago, Illinois 60606 (US) 


15-19 Klngsway 




London WC2B 6UD (GB) 



(54) Automatically adjusting communication system 



(57) A dynamically adjustable connmunication sys- 
tem and method automatically adjust transmission rates 
of discontinuous waveforms from one signal level to an- 
other for the purpose of optimizing a quality parameter 
of a transmitted signal. Circuitry coupled to the trans- 



mission medium provides feedback to transmitter cir- 
cuitry for the purpose of adjusting at least one of a rise 
time and a fall time parameter of a transmitted signal for 
the purpose of enhancing transmission quality Trans- 
mission rate can also be automatically adjusted to max- 
imize data rate and minimize errors. 
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Description 

Field of the Invention : 

[0001] Ttie invention relates to connmunicatlons sys- 
tems. More particularly, the invention relates to such 
systems wherein transmission characteristics are auto- 
matically varied in response to transmission medium 
characteristics. 

Background of the Invention : 

[0002] It has long been recognized that when trans- 
mitting signals to a remote receiver that characteristics 
of the relevant transmission medium can affect the quai- 
ity of the received signals. Cable or wire transmission 
lines share a number of characteristics. These include 
signal distortion caused by external noise sources, var- 
ying electrical characteristics of the medium due to in- 
consistent quality and impedance miss-matches due to 
connections to the medium. 

[0003] It has also been shown that many communica- 
tion problems are not related to the baud rate but rather 
to the slew rate of the transmitted signals. A high rate 
of transition in the waveform voltage from one level to 
another (or high slew rate) may contribute to a high com- 
munication rate. However, this mode of operation will 
electrically couple into other adjacent wiring and create 
"crosstalk", cause excessive signal oscillations (ring- 
ing), or othenwise distort the waveform. A low slew rate 
will slow down the communication rate, minimizing 
these problems, but result in a longer time to complete 
messages. 

[0004] One known approach requires the use of high 
quality, expensive, coaxial cable. Such cable provides 
substantially constant impedances, irrespective of 
length when properly terminated. However, coaxial ca- 
ble is not a viable solution in many systems. It is expen- 
sive and because it is shielded can be inconvenient for 
field installers and maintenance personnel. While pos- 
sibly usable in many new systems it is not a cost-effec- 
tive replacement for existing media. 
[0005] There is a continuing need for improved trans- 
mission systems which address at least some of the 
above enumerated problems. Such improvements are 
especially important given the continuing trend to dis- 
tributed, multi-processor systems. 
[0006] Preferably such systems will provide in- 
creased degrees of communication reliability with a va- 
riety of transmission media. In addition, it would be de- 
sirable if such improvements could be achieved without 
a need for extensive and expensive upgrades to existing 
transmission systems. 

[0007] Thus, there is a continuing need for distortion 
minimizing systems which can automatically respond to 
different transmission media and to exterior noise sourc- 
es. 



Summary of the invention : 

[0008] In accordance with the Invention, communica- 
tion systems and methods are provided which automat- 

5 ically adjust transmission parameters, other than bit or 
baud rate, so as to improve system performance. In one 
aspect, the transition rate, such as rise time or fall time, 
is adjusted in response to detection of the characteris- 
tics of transmitted signals to. as a result, improve those 

10 characteristics. 

[0009] By adjusting a transmission signal parameter, 
the present system and method result in achieving op- 
timal transmission speed with minimal crosstalk and 
minimal distortion. In yet another aspect of the invention, 

IS the time interval assigned to transmitting a selected bit 
of information, such as a 1 or a 0, can be established as 
a ratio of another parameter, for example, slew rate, 
such that the slew rate is altered so as to maximize 
transmission quality characteristics, the bit interval will 

20 also be altered. 

[0010] In yet another aspect, the system and method 
will respond dynamically to transient noise which will po- 
tentially degrade performance. In such an instance, a 
selected parameter value, such as rise time or fall time 

2S or both can be altered, perhaps increased, in response 
to the presence of a transient noise. The consequence 
of so altering one or more transmission parameters will 
reduce communication rate while at the same time in- 
creasing reliability. Subsequent to the disappearance of 

30 the noise condition, the selected parameter or parame- 
ters can again be decreased thereby producing an in- 
creased communication rate. 

[0011] In yet another aspect, one or more processors, 
coupled to the communications medium, can provide 

35 further signal processing as a result of receiving the 
transmitted signals. Processing can include filtering or 
smoothing which can be dynamically adjusted in re- 
sponse to detected parameters of the received wave- 
form. For example, in the event that parameters such 

40 as rise time or fall time or both are increased or de- 
creased, the smoothing of the waveform at the receiver 
circuitry can be similariy altered. Smoothing is inversely 
altered relative to rate. 

[0012] Systems of the type that automatically vary the 
45 characteristics of transmitted signals address many 
known sources of distortion and automatically compen- 
sate for them. For example: 

Crosstalk or the capacitive coupling of signals into 
so other wires: 

[0013] If a system that embodies the invention does 
not exhibit capacitive coupling of signals to other wires 
and will tolerate a high transmission rate, it can auto- 
ss matically make that determination and adjust the slew 
rate of the waveform to allow tor high speed communi- 
cations. On the other hand, if there is significant capac- 
itive coupling of signals to other wires causing transmis- 
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accompanying drawings. 
Brief Description of the Drawings ; 
5 [0020] 



slon problems, then the system can automatically adjust 
the waveform to a slower slew rate so that the electrical 
coupling between the wiring is reduced to the point that 
problems no longer occur. 

T-taps or branching of the wiring: 

[0014] When a wire pair connects to two or more wire 
pairs, a T-tap or branch connection is formed. This caus- 
es a transmission line characteristic impedance mis- 
match. An electrical wave traveling down the wire will 
encounter a sudden change of impedance at the point 
of a T-tap. This mismatch in impedance will cause a re- 
flection and distortion of the waveform. The amount of 
distortion is related to the slew rate of the waveform. 
[001 5] In cases where a T-tap occurs and causes dis- 
tortion of the waveform which is sufficient to affect com- 
munications, a system that embodies the invention can 
automatically change the slew rate of the waveform to 
reduce the distortion such that it no longer affects the 
communications. 

Characteristic impedance of the line: 

[0016] Transmission lines can vary significantly de- 
pendent upon the type of wire pair. The capacitance, in- 
ductance, and resistance characteristics will all affect 
the wavefomn and distortion. By automatically changing 
the slew rate of the waveform, a system that embodies 
the invention can adapt to any wiring type without com- 
munication errors. Automatic compensation of the sys- 
tem does not require the installer of the system to pre- 
determine the operating parameters for the system. This 
makes the installation simpler to setup and less error 
prone. 

Distortion of the waveform due to outside EMI 
sources: 

[0017] If an electrical magnetic interference (EMI) 
couples into the system and causes communication er- 
rors, a system that embodies the invention can automat- 
ically adjust the slew rate and smoothing of the wave- 
form to eliminate the interference problem. If this inter- 
ference problem was temporary, the system will readjust 
after the interference goes away to again increase the 
slew rate to obtain a faster communication rate. 
[0018] In yet another aspect of the invention, where 
an existing transmission medium is to be used, the 
present system and method make is possible to dynam- 
ically alter transmission parameters so as to achieve op- 
timal transmission given the characteristics of the me- 
dium. IHence, existing transmission systems can be up- 
graded, using the same medium. 
[0019] Numerous other advantages and features of 
the present invention will become readily apparent from 
the following detailed description of the invention and 
the embodiments thereof, from the claims and from the 



Figure 1 is a block diagram of an exemplary trans- 
mission system which embodies the Invention; 
Figure 2 is a graph illustrating signal distortion; 
10 Figure 3 is a graph illustrating compensation to min- 
imize reflections and distortion; 
Figures 4-6 are a set of graphs which taken together 
Illustrate various degrees of compensation. 

IS Detailed Description of the Preferred Embodiments : 

[0021] While this invention is susceptible of embodi- 
ment in many different forms, there are shown in the 
drawing and will be described herein in detail specific 
20 embodiments thereof with the understanding that the 
present disclosure is to be considered as an exemplifi- 
cation of the principles of the invention and is not intend- 
ed to limit the invention to the specific embodiments il- 
lustrated. 

25 [0022] Figure 1 illustrates a transmission system 10. 
The transmissbn system 10 Incorporates a bidirectional 
communication link 12 which could be implemented as 
wire cable including coaxial cable, twisted pair ribbon 
cable or parallel extending wire conductors without de- 
30 parting from the spirit and scope of the present inven- 
tion. It will be understood that the type of transmission 
medium Is not a limitation of the present invention. In 
addition, while the link 12 is illustrated as a single linear 
link, it will be understood that the invention contemplates 
35 usage with transmission systems that include additional 
segments or branches which are attached to the basic 
link without limitation. 

[0023] The system 10 includes a control element 16. 
The control element 16 includes a programmable proc- 
40 essor 16a, transmission/receive interface circuitry 16b 
and other interface circuitry 16c as required. The proc- 
essor 16a as will be understood by those of skill in the 
art incorporates or has associated therewith, read/write 
memory of various types including semiconductor mem- 
45 ory as well as magnetic mass memory and read-only 
memory. 

[0024] Also coupled to the link 12 is a plurality of 
spaced apart processors 20. The members of the plu- 
rality 20 can each include either hard wired or program- 
so mable control elements which are adapted for receiving 
transmissions from the element 1 6 or transmitting to the 
element 16, via the link 12. 

[0025] While the plurality of processors 20 is illustrat- 
ed coupled and parallel to the link 12, it will be under- 
55 stood that other transmission geometries could be used 
without departing from the spirit and scope of the 
present invention. For example, each of the members 
of the plurality 20 could be allocated a separate distinct 
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communication link coupled to the element 16. Alter- 
nately, the link could be configured in the form of a plu- 
rality of spaced apart nodes, wherein each of the mem- 
bers of the plurality 20 would represent one of the nodes, 
with different links extending between different pairs of s 
nodes. 

[0026] The exemplary system 10 could, for example, 
be configured as supervisory systems of the general 
types described in Tice et al. U.S. Patent No. 4.916,432 
entitled Smoke and Fire Detection Communication or 
Bystrak et al. U.S. Patent No. 5,539,389 entitled Device 
Group Communication for Fire, Security and Control 
Systems. The noted patents are assigned to the assign- 
ee hereof and incorporated by reference. 
[0027] Reverting again to Figure 1, the system 10 also 
includes circuitry for sensing characteristics of transmit- 
ted signals. The circuitry 22 is coupled between the link 
12, such as illustrated in phantom at one or more cou- 
pling points 24a, 24b or 24c without limitation. 
[0028] The circuitry 22 feeds back parameter charac- 
teristics of transmitted signals to the interface 16c which 
in turn makes that information available to the processor 
1 6a. The processor 1 6a, upon receipt of feedback infor- 
mation is then able to adjust one or more parameters of 
the transmitted signals on the link 12 to thereby improve 
one or more selected parameters of received signals. 
[0029] Figure 2 illustrates a discontinuous, driving 
waveform 30a with selected rise and fall times 30a-1, 
30a-2 transmitted via the link 12 from the control ele- 
ment 16. Figure 2 also illustrates an end of line wave- 
form 30b detected at end of line feedback connection 
24c by the circuitry 22. The end of line signal 30b exhib- 
its a large number of over shoots and under shoots and 
is characteristic of the results of attempting to transmit 
signals via a transmission medium which is not capable, 
for whatever reason, of transmitting that signal without 
introducing distortion. 

[0030] Figure 3 illustrates the results of the present 
apparatus and method wherein a discontinuous, driving 
signal 32a has reduced rise and fall times 32a-1 and 
32a-2. The driving waveform of Fig. 3 has been auto- 
matically adjusted by the element 16 in response to 
feedback from the circuitry 22. 

[0031] Figure 3 also illustrates an end of line output 
waveform output 32b which exhibits significantly re- 
duced distortion, relative to the waveform 30b (Fig. 2) 
in response to reduced rise times and fall times, or slew 
rate. It will be understood that other parameters other 
than slew rate might be adjustable alone, or in combi- 
nation with a slew rate, without departing from the spirit 
and scope of the present invention. 
[0032] Figures 4 through 6 illustrate the results of 
modifying a parameter, such as slew rale or rise and fall 
time of a waveform, such as waveforms 34a, 36a and 
38a transmitted from a source such as transmitters 16b 
on a medium along with respective end of line or re- 
ceived signals 34b, 36b and 38b. As illustrated in Figs. 
4 through 6, decreasing the slew rate or rise and fall 



times of the driving waveform reduces received or end 
of line waveform-distortion significantly. 
[0033] Hence, by adjusting the rise and fall times, as 
illustrated in Figs. 4 through 6 the control element 16 
can automatically optimize transmission quality on the 
link 12 at a given transmission rate. It will also be un- 
derstood that displaced members of the plurality 20 
could in turn incorporate monitoring circuitry lor the sig- 
nals received on the link 12 for purposes of adjusting 
parameters of their transmissions either to other mem- 
bers of the plurality 20 or to the element 16. 
[0034] One method of automatically adjusting the 
waveform is to start out with the slowest (longest) slew 
rate at a selected transmission rate to initially set up the 
devices coupled to the system. After the devices have 
been initialized and stabilized, the control unit 16 can 
start to increase the slew rate, and/or the transmission 
rate. The system will monitor perfonrnance and stop in- 
creasing the slew rate when the perfonmance degrades. 
The control element can then reduce the slew rate a pre- 
determined amount to arrive at a system operating rate. 
Similar steps can be taken with respect to transmission 
rate. 

[0035] Periodically, the control element can re-evalu- 
ate the slew rate and/or transmission rate to see if one 
or the other can be further increased. If noise is intro- 
duced to the system (which will degrade perfomnance), 
the control element can automatically start decreasing 
the slew rate, slowing down the communication, until the 
noise conditk^n disappears. After the noise condition 
has disappeared, the system can again increase the 
slew rate and speed up. Transmission rate can also be 
adjusted to respond to external noise. 
[0036] The above discussion has been directed to- 
ward transmissbn signals which exhibit binary or two 
state characteristics. It will be understood that these il- 
lustrations are exemplary and not limiting. The present 
system and method are usable with continuous signals 
piece-wise continuous, or multi-level signals including, 
for example, triangular waveforms. 
[0037] It will also be understood that transmission rate 
can first be adjusted to a maximum, optimal value based 
on feedback received from the received signals. Subse- 
quently, the rise time, fall time or both can be adjusted 
to maximize signal quality. 

[0038] It will also be understood that both transmis- 
sions rate and slew rate can be periodically adjusted to 
take into account dynamically changing line character- 
istics. Finally, the two rates can be adjusted simultane- 
ously if desired. 

[0039] Filtering of signals at receiving processors can 
dynamically be adjusted to take Into account the varying 
characteristics of received signals. As slew rate increas- 
es, the degree of filtering can be automatically reduced 
to shorten response time at the receiving processor. As 
the slew rate decreases, the degree of filtering can safe- 
ly be increased. 

[0040] In a transmission system Intended for use In 
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supervising a region information can initially be trans- 
mitted between devices using binary coded signals. In 
this embodiment, voltage or current modulation could 
be used without limitation. In another embodiment, 
pulse width modulation could be used. For example, in 
a binary system, a first value can be transmitted at a 
width such as one millisec with a second value transmit- 
ted with a three millisec width. 

[0041] It no errors are detected by the system control 
element, the width of the first value can be reduced by 
50%. The width of the second is also reduced while 
keeping the 1:3 ratio (alternately, a 1:2 ratio could be 
used). The 50% reduction in width an be repeated until 
a pre-set minimum, for example in a range of 30-50 mi- 
cro-sections is reached provided no errors are detected. 
[0042] Where the transmitting element begins to de- 
tect errors, the slew rate can be reduced to try to improve 
transmission quality. For example, the slew rate can be 
decreased from a maximum to a minimum value in steps 
while monitoring the quality of the transmission. If the 
error rate goes to zero or is acceptably low, then the 
communications process can be conducted at the re- 
spective pulse widths and rise times. If the error rate 
continues to be unacceptably high, then the pulse 
widths can be increased and another adjustment of slew 
rate undertaken. 

[0043] As an alternate, a pulse width for each respec- 
tive data bit can be set and not changed. In this embod- 
iment, only slew rate is adjusted. In either type of em- 
bodiment, the transmission quality can be continuously 
or intermittently monitored for feedback and control pur- 
poses. 

[0044] In a particular embodiment the system 10 can 
be configured as a supervisory system. For example, at 
least some of the processors 20 could each be coupled 
to a sensor. Representative sensors include switch con- 
tacts, infrared: motion or ambient condition sensors. 
Ambient condition sensors can include smoke, temper- 
ature, flame or gas sensors without limitation. For ex- 
ample, the system 1 0 could be configured as a fire alarm 
system. At least some of the processors 20 could be 
programmable smoke detectors. The control element 
16 could include control programs for the purpose of car- 
rying out fire profile analysis. 

[0045] From the foregoing, it will be obsen/ed that nu- 
merous variations and modifications may be effected 
without departing from the spirit and scope of the inven- 
tion. It is to be understood that no limitation with respect 
to the specific apparatus illustrated herein is intended 
or should be inferred. It is, of course, intended to cover 
by the appended claims all such modifications as fall 
within the scope of the claims. 



Claims 

1 . A condition detecting system comprising: 



a transmission link; 

a plurality of programmed processors coupled 
to the link wherein at least some of the proces- 
sors include ambient condition sensors; 
5 adjustable transmission circuitry coupled to the 

link wherein the circuitry responds to a trans- 
mission quality parameter by adjusting a slew 
rate parameter. 

10 2. A system as in claim 1 which includes feedback cir- 
cuitry coupled between the link and the transmis- 
sion circuitry. 

3. A system as in claim 2 wherein the transmission cir- 
is cuitry includes circuitry for transmitting at least bi- 

valued signals. 

4. A system as in claim 3 wherein the signal transmits 
a first value at a first width and a second value at a 

20 second width. 

5. A system as in claim 4 wherein the first and second 
widths are related. 

2S 6. A system as in claim 5 wherein the second width 
falls in a range of 1 .5 to 3.5 that of the first width. 

7. A system as In claim 1 wherein some ofthe ambient 
sensors include smoke sensors and wherein the 

30 transmission link includes a transmission line. 

8. A system as in claim 7 wherein the adjustable trans- 
mission circuitry includes: 

circuitry for detecting at least one parameter 
35 of a transmitted signal, and control circuitry coupled 
between signal source and signal detecting circuitry 
for providing adjusting signals to the source for al- 
tering at least one of a rise time parameter and a 
fall time parameter of a transmitted signal. 

40 

9. A system as in claim 8 wherein the detecting circuit- 
ry includes circuitry, coupled to the link, for monitor- 
ing the quality parameter and providing an indicator 
thereof to the adjusting circuitry. 

45 

10. A system in claim 9 which includes control circuitry 
for automatically adjusting both transmission rate 
and at least one of the rise and fall time parameters 
in accordance with at least the quality parameter. 

so 

1 1 . A system as in claim 1 0 which includes sequencing 
circuitry for first increasing the transmission rate to 
a maximum value in response to the quality param- 
eter and then decreasing the rate a predetermined 

55 amount to an operating rate. 

12. A system as in claim 11 wherein the sequencing cir- 
cuitry, for signals transmitted at the operating rate, 
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enables the control circuitry so as to provide the ad- 
justing signals to the signal source. 

13. A nnethod of transmitting electrical signals in a sys- 
tem as claimed in claim 1 comprising: s 

coupling electrical signals to the link, at least 
some of the signals having at least one of a 
measurable rise time parameter and a measur- 
able fall time parameter; io 
detecting a transmission quality Indicating pa- 
rameter at a feedback location on the link and 
in response thereto altering at least one of the 
rise time and fall time parameters in a prede- 
termined fashion. 

14. A method as in claim 13 wherein the altering step 
includes altering both parameters. 

1 5. A method as in claim 1 4 wherein the quality param- 20 
eter is indicative of distortion, at least at a selected 
region of the link, and wherein the altering step 
modifies at least one parameter so as to minimize 
distortion at the selected region. 



16. A method as in claim 15 wherein the selected bca- 
tion Is displaced from the feedback location. 
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